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(54) OPTICAL DEVICE 

(57)Abstract: 

PURPOSE: To improve the coupling efficiency between a 
semiconductor laser and optical waveguide by forming 
the core sections of the laser and waveguide in tapered 
states having narrow core widths near a groove. 
CONSTITUTION: The cores 3 and 4 of a semiconductor 
laser 1 and wavequide section 2 are narrowed (tapered 
cores 6) in core width toward a groove 5 when they are 
viewed from the top so that their core widths can 
become about 1/5 of their proper core widths near the 
groove 5. Therefore, the mode field diameter of the light 
guided from the laser 1 is enlarged on the end face of 
the core of the laser 1 on the side wall of the groove 5 
without causing any propagation loss owing to the 
tapered core 6 and the diffracting effect is reduced. On 
the other hand, since the core width on the waveguide 2 
side also gradually increases as going farther from the 
groove 5, the mode field diameter enlarged on the side 
face of the groove 5 again returns to the size decided by 
the size of the waveguide core 4. Therefore, the coupling 

efficiency between the laser 1 and waveguide section 2 can be improved, because the enlarged 
beams are coupled to each other near the groove 5. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical device characterized by having the structure which each core width of face of said 
semiconductor laser and waveguide reduced in the shape of a taper [ near / said / the slot ] in the optical 
device which has the semiconductor laser which has the slot which constitutes the end of a resonator end 
face on a semi-conductor substrate, and the waveguide combined with said semiconductor laser through 
the aforementioned slot. 

[Claim 2] In the optical device which has the semiconductor laser which has the slot which constitutes 
the end of a resonator end face on a semi-conductor substrate, and the waveguide combined with said 
semiconductor laser through the aforementioned slot The optical device characterized by having the 
duplex core fabric which each core with said semiconductor laser and waveguide becomes from the core 
of the second exterior surrounding the core of the first interior, and the core of this interior, and reducing 
in the shape of a taper near the core width-of-face fang furrow of this first. 

[Claim 3] In the optical device which has the semiconductor laser which has the slot which constitutes 
the end of a resonator end face on a semi-conductor substrate, and the waveguide combined with said 
semiconductor laser through the aforementioned slot The optical device with which the semiconductor 
laser side edge side of this slot is characterized by having the structure where the waveguide side edge 
side of nothing and this slot made the perpendicular incline to an optical axis to an optical axis while 
said semiconductor laser and each core width of face of waveguide contract in the shape of a taper near 
[ said ] the slot. 

[Claim 4] The optical device characterized by having a slot which approaches a taper-like core as it 
connects in the optical device which consists of waveguide combined with semiconductor laser and said 
semiconductor laser on the semi-conductor substrate, each core width of face of said semiconductor 
laser and waveguide contracting in the shape of a taper by the bond part and this bond part is approached 
by this nothing and waveguide side in a perpendicular end face to an optical axis in this bond part by 
this semiconductor laser side. 

[Claim 5] The optical device characterized by having the slot which is connected in the optical device 
which consists of waveguide combined with semiconductor laser and said semiconductor laser on the 
semi-conductor substrate , each core width of face of said semiconductor laser and waveguide 
contracting in the shape of a taper by the bond part , and serves as a V character configuration in the 
thickness direction of a semi-conductor substrate by this nothing and waveguide side in a perpendicular 
end face to an optical axis in this bond part by this semiconductor laser side . 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semi-conductor integration light source used for 

optical communication, or optical measurement, optical exchange, etc. 

[0002] 

[Description of the Prior Art] Although semiconductor laser is used as the light source of optical 
communication and the optical measurement field, in order to aim at improvement in a function, 
integration of the light source, waveguide, and an electric eye is required. As a conventional integration 
module, the PLC circuit and semi-conductor light emitting device which consisted of quartz system 
waveguides, and a semi-conductor photo detector are accumulated on a hybrid, for example, and there 
are pig tail die parts which combined the optical fiber. However, since the alignment of micron order is 
the need, the modularization technique of this semi-conductor light emitting device and a photo detector 
becomes expensive. For this reason, although to integrate a semi-conductor photo detector, a light 
emitting device, and a waveguide component on a semi-conductor substrate unitary is desired, it is 
necessary to raise the joint effectiveness between semi-conductor optoelectronic devices with 
establishment of the production process of a semi-conductor functional device simple for that purpose. 
[0003] Now, when semiconductor laser is integrated on a semi-conductor substrate, installation of the 
cleavage plane or diffraction grating which is a reflecting mirror is indispensable on the relation which 
needs to constitute a resonator to oscillate semiconductor laser. In this case, since a making process 
becomes complicated, installation of a diffraction grating has the advantageous Fabry-Perot laser using a 
crystal end face from a viewpoint of a production process and a price. However, the slot for end-face 
formation will be generated, forming the semiconductor laser which has a crystal end face in production 
of the integrated circuit of an optoelectronic device cannot couple directly between semiconductor laser, 
and optical waveguides or photo detectors, but it will produce big loss of optical reinforcement in a bond 
part. 

[0004] Draw ing 6 is the accumulation structure of the semiconductor laser 1 and optical waveguide 2 
which consist of the conventional configuration, and is the top view (a) and sectional view (b) which 
expressed association through a slot 5 typically. Although the waveguide mold photo detector section 
may be formed in the case where the optical waveguide section is formed in both sides although optical 
waveguide 2 is shown in one side of semiconductor laser 1, and another side, the example of 
semiconductor laser 1 and the optical waveguide 2 of the one side is shown here. 
[0005] 

[Problem(s) to be Solved by the Invention] In association with such semiconductor laser 1 and optical 
waveguide 2, the light wave which carried out outgoing radiation into air from the slot for reflective 
end-face formation will receive the big diffraction effect, and will spread in a radial, so that the beam 
diameter to which the refractive index of the semiconductor material which constitutes each core 3 and 4 
spreads a semiconductor material since it is large compared with 3.0 or more and it of air is small. For 
this reason, in the slot 5 for end-face formation, the scattered light will increase and the joint 
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effectiveness from semiconductor laser 1 to waveguide 2 will fall. If spacing of a slot is set to 5 
micrometers as a semiconductor material in the case of semiconductor laser with a luminescence 
wavelength [ of an InP system ] of 1.5 micrometers, specifically, joint effectiveness will become 10% or 
less. 

[0006] This invention aims at raising the joint effectiveness of the semiconductor laser and optical 
waveguide which have a slot for end-face formation, when integrating an optoelectronic device on a 
semi-conductor substrate. 
[0007] 

[Means for Solving the Problem] In the optical device which has the semiconductor laser which has the 
slot which constitutes the end of a resonator end face on a semi-conductor substrate, and the optical 
waveguide combined with said semiconductor laser through the aforementioned slot in order to attain 
the above-mentioned purpose Invention according to claim 1 is what has the structure which reduced the 
core width of face of said semiconductor laser and optical waveguide in the shape of a taper [ near / 
said / the slot ]. Invention according to claim 2 It has the duplex core fabric which the core of said 
semiconductor laser and optical waveguide becomes from the core of the first interior, and the core of 
the second exterior. It is what is being reduced in the shape of a taper near the core width-of-face fang 
furrow of this first. Invention according to claim 3 While said semiconductor laser and the core width of 
face of optical waveguide contract in the shape of a taper near [ said ] the slot The semiconductor laser 
side edge side of this slot is what has the structure where the waveguide side edge side of nothing and 
this slot made the perpendicular incline to an optical axis to an optical axis. On a semi-conductor 
substrate further Semiconductor laser, In the optical device which consists of optical waveguide 
combined with said semiconductor laser invention according to claim 4 It connects the core width of 
face of said semiconductor laser and optical waveguide contracting in the shape of a taper by the bond 
part. In this bond part, an optical axis is received by this semiconductor laser side. A perpendicular end 
face Nothing, It is what has a slot which approaches a taper-like core as this bond part is approached by 
this optical waveguide side. And invention according to claim 5 It connects the core width of face of 
said semiconductor laser and optical waveguide contracting in the shape of a taper by the bond part, and 
is characterized by what has the slot which serves as a V character configuration in the thickness 
direction of a semi-conductor substrate by this nothing and waveguide side in a perpendicular end face 
to an optical axis in this bond part by this semiconductor laser side, respectively. 
[0008] 

[Function] By taking the above-mentioned configuration, in the slot for end-face formation, the diameter 
of the mode field of guided wave light will be expanded by existence of a taper-like core, the diffraction 
effect will be reduced, and high joint effectiveness of semiconductor laser and waveguide is realized. 
[0009] 

[Example] the following, drawing 1 - drawing 5 - referring to - an example — a basis — it explains to a 
;(< ;(< detail 

(Example 1) The core width of face seen from the flat surface is narrowed, and it gets down (the taper 
core 6 is called henceforth.), and has the structure which reduced the core width of face to about [ of the 
half a sum of a basis ] one in about five slot as drawing J. is the top view (a) and sectional view (b) 
having shown the example of the first invention and both core 3 of semiconductor laser 1 and core 4 of 
the waveguide section 2 go in the direction of a slot 5. 

[0010] For this reason, the diameter of the mode field is remarkably expanded by slot 5 end face, 
without the guided wave light from semiconductor laser 1 producing a propagation loss for this taper 
core 6. By expanding the diameter of the mode field, the guided wave light which carried out outgoing 
radiation to the slot 5 has the small diffraction effect under slot 5 propagation, and the diameter of the 
mode field in the end face by the side of the waveguide of a slot 5 hardly changes with the diameter of 
the mode field in front of the outgoing radiation to a slot 5. Since it is spreading gradually on the other 
hand as it separates from a slot 5 like [ the core width of face by the side of waveguide ] a 
semiconductor laser 1 side, the diameter of the mode field expanded by slot 5 end face returns to the 
magnitude again decided by magnitude of the waveguide core 4. Therefore, in about five slot, since it 
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becomes association of the expanded beams, compared with the same dimension, joint effectiveness of 
conventional core width of face will improve remarkably. In addition, although what is necessary is just 
to make the core 3 of semiconductor laser 1 into the shape of a taper, joint effectiveness improved to the 
case which makes the diffraction effect small remarkably by a mode configuration being adjusted 
between waveguide 2 sides, and angular aperture being taken loosely, and, therefore, the waveguide 2 
side has also formed the taper core 6 in it in the slot 5 side. 

[001 1] In addition, although the other-end side is made [ the configuration of the resonator of laser ] into 
the usual cleavage end face for one end face in the laser side edge side of a slot 5, a slot 5 may consist of 
this examples on both sides of laser. As a result of producing the taper core from which the thickness of 
a barrier layer is actually set to 0.25 micrometers in the core width of face in a slot 3 in the InP system 
laser whose core width of face is 1.5 micrometers by 0.25 micrometers, the increment in slot spacing's 
joint loss of 5 micrometers was not able to be observed. 

[0012] (Example 2) Drawin g 2 is the top view (a) and sectional view (b) having shown the example of 
the second invention, and has shown the example which adopted duplex waveguide structure over 
semiconductor laser 1, a taper connection, and the waveguide 2 whole from simple [ on manufacture ] 
by this example. That is, it consisted of the 2nd external core 7 surrounding the 1st internal core 3 and 
core 4, and these internal cores 3 and 4, and the 1st internal core 3 and 4 turned into the taper core 6 in 
about five slot, respectively, and the first core 3 and 4 has disappeared at the slot 5 edge. 
[0013] With this structure, since the refractive-index difference of the external core 7 and a clad 8 is 
very small, in semiconductor laser 1 and waveguide 2, guided wave light senses the external core 7 as a 
clad 8, and is shut up by the internal cores 3 and 4, but in a connection, in order that an internal core 
may disappear, it is shut up by the external core 7. That is, even when the core has disappeared at the tip 
of a taper 6, guided wave structure is maintained and is maintained on both sides of the single mode 
condition fang furrow 5. 

[0014] Since the width of face and thickness of the external core 5 can be set to 10-20 micrometers, the 
diameter of the mode field of guided wave light can be made larger single or more figures than the 
diameter of the mode field of semiconductor laser 1, diffraction in a slot 5 can be made small, and joint 
effectiveness can be raised. 

[0015] (Example 3) It is the top view (a) and sectional view (b) having shown the example of the third 
invention in draw ing 3 . In this example, while making the waveguide 2 side-edge side of a slot 5 incline 
a little to the shaft of the core 3 of laser 1, the shaft of the waveguide core 4 makes it incline to the shaft 
of the laser core 3, and forms. The width of face of cores 3 and 4 is also reducing this example like the 
taper core 6 in about five slot. In this example, the rate which the light reflected in respect of the 
waveguide 2 side edge of a slot 5 recombines with the semiconductor laser core 3 can be reduced by 
leaning the waveguide side edge side of a slot 5 slightly. 

[001 6] In addition, as shown in drawin g 3 , if the optical axis of the waveguide core 4 is set up 
according to the guided wave optical refraction angle by the tilt angle theta of the waveguide side edge 
side of a slot 5, it can disregard the superfluous loss by the tilt angle theta in association to the 
waveguide core 4 from the laser core 3, and can raise the joint effectiveness to a waveguide section core. 
But establishing an inclination in a waveguide end face can also reduce the recombination to the core 3 
by the reflected light, without making the optical axis of waveguide 2 incline from the reasons of 
arrangement with semiconductor laser 1 and waveguide 2. In addition, although the tilt angle theta was 
given like drawing 3 (a) seen from the flat surface in this example, a tilt angle may be given on drawin g 
3 (b) seen from a side face. Furthermore, this example is applicable also to the duplex core fabric shown 
in drawing 2 . Although the semiconductor laser section serves as complex resonator structure which 
makes a reflector the both-sides end face of a slot 5 and fluctuation of a semiconductor laser oscillation 
threshold current etc. is cause since , as for the greatest description of this example , the light which 
carried out outgoing radiation to the slot 5 is reflect in the first example also on a boundary with the 
waveguide section , it is in prevent degradation of this property by this example . 
[001 7] (Example 4) The top view (a) and sectional view (b) having shown the example of the fourth 
invention in drawing 4 are shown. Both core width of face 3 and 4 is narrowed as shown in the taper 
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cores 6H and 6F towards the bond part of semiconductor laser 1 and waveguide 2, and cores are 
connected by the minimum predetermined core width of face. Furthermore, in the bond part, it is a 
perpendicular end face to an optical axis in a semiconductor laser 1 side, and it has formed so that it may 
cut deeply in the thin longitudinal direction of taper core 6F by the waveguide 2 side as shown in 
drawing (concave), and the slot 5 on the mold may approach. Production of this slot 5 can be formed by 
etching by the ion etching and the chemical solution which used reactant gas. 
[0018] In such structure, without a propagation loss increasing, the diameter of the mode field is 
expanded and the guided wave light from semiconductor laser 1 spreads taper core 6H field. About the 
optical intensity distribution which began to permeate from taper core 6H field since the diameter of the 
mode field was expanded at this time, the end face of the slitting slot 5 works as a reflector, the light 
wave by which the waveguide side interface of the slot 5 which does not become perpendicular to the 
shaft of the core 4 of waveguide 2 was emitted to the space of a slot 5 by the lens effectiveness on the 
other hand — the core 4 of waveguide 2 it is made to join together 

[0019] In addition, by drawing 4 , in order to adjust distribution of the light which passes through a slot 
5 among the expanded diameters of the mode field, and is attained to the optical waveguide section 2 
and to raise joint effectiveness, the core width of face of taper core 6F of waveguide 4 and the core 
width of face of taper core 6H of semiconductor laser 1 have shown a different example. 
[0020] In this example, there is no slot 5 in a core layer, and it was formed in the cladding layer. 
Generally, a cladding layer consists of ingredients of homogeneity presentations, such as InP or 
InGaAsP, for a core layer in many cases, using a multiplex quantum well layer etc. in many cases. 
Therefore, the structure of this example has the advantage that what is necessary is to process only the 
cladding layer which is easy to process it. Moreover, a slot 5 infiltrates into taper core 6F, and even if 
semiconductor laser 1 and waveguide 2 are separated by the opening, fundamental actuation of this 
invention is performed. 

[0021] (Example 5) The top view (a) and sectional view (b) of an example of the fifth invention are 
shown in drawing 5 . In this example, both the cores of semiconductor laser 1 and waveguide 2 narrow 
the core width of face mutually with the taper core 6, and are connected with the minimum width-of- 
face core 9 predetermined by the bond part. Furthermore, in the bond part, the slot 5 of the V character 
mold of a slitting mold as shown in drawing is formed in the thickness direction by the nothing and 
waveguide side in the perpendicular end face to the optical axis at the semi-conductor substrate by the 
semiconductor laser side. In such structure, like an example 4, while forming the reflector of 
semiconductor laser, association with semiconductor laser and waveguide can be raised. 
[0022] In the example described above, by preparing the high reflective film which becomes an end face 
by the side of the semiconductor laser of a slot from a metal or dielectric multilayers, the reflection 
factor of a laser cavity can be raised and the threshold current of semiconductor laser can be decreased. 
[0023] Moreover, asymmetry is sufficient as taper structure at a semiconductor laser and waveguide 
side. Furthermore, although the example of a configuration which has a taper configuration only to 
waveguide width of face in an example was shown, a taper configuration may be given to both 
waveguide width of face and thickness as long as it expands the diameter of the mode field. Moreover, 
although change of semiconductor laser and the taper-like waveguide width of face of waveguide is 
changed linearly and it is shown, function forms, such as a parabola and an exponential function, are 
sufficient. 
[0024] 

[Effect of the Invention] As stated above, according to this invention, in integration of the semi- 
conductor optoelectronic device to a semi-conductor substrate top, association between semi-conductor 
optoelectronic devices is realizable with high optical coupling effectiveness. Since integration of an 
optoelectronic device is realizable especially with the semi-conductor production technique of practical 
use, it is cheap and reliable optical components can be offered. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the semi-conductor integration light source used for 
optical communication, or optical measurement, optical exchange, etc. 



[Translation done.] 



Page 1 of 1 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



JP,06-163874,A [PRIOR ART] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Although semiconductor laser is used as the light source of optical 
communication and the optical measurement field, in order to aim at improvement in a function, 
integration of the light source, waveguide, and an electric eye is required. As a conventional integration 
module, the PLC circuit and semi-conductor light emitting device which consisted of quartz system 
waveguides, and a semi-conductor photo detector are accumulated on a hybrid, for example, and there 
are pig tail die parts which combined the optical fiber. However, since the alignment of micron order is 
the need, the modularization technique of this semi-conductor light emitting device and a photo detector 
becomes expensive. For this reason, although to integrate a semi-conductor photo detector, a light 
emitting device, and a waveguide component on a semi-conductor substrate unitary is desired, it is 
necessary to raise the joint effectiveness between semi-conductor optoelectronic devices with 
establishment of the production process of a semi-conductor functional device simple for that purpose. 
[0003] Now, when semiconductor laser is integrated on a semi-conductor substrate, installation of the 
cleavage plane or diffraction grating which is a reflecting mirror is indispensable on the relation which 
needs to constitute a resonator to oscillate semiconductor laser. In this case, since a making process 
becomes complicated, installation of a diffraction grating has the advantageous Fabry-Perot laser using a 
crystal end face from a viewpoint of a production process and a price. However, the slot for end-face 
formation will be generated, forming the semiconductor laser which has a crystal end face in production 
of the integrated circuit of an optoelectronic device cannot couple directly between semiconductor laser, 
and optical waveguides or photo detectors, but it will produce big loss of optical reinforcement in a bond 
part. 

[0004] Drawing_6 is the accumulation structure of the semiconductor laser 1 and optical waveguide 2 
which consist of the conventional configuration, and is the top view (a) and sectional view (b) which 
expressed association through a slot 5 typically. Although the waveguide mold photo detector section 
may be formed in the case where the optical waveguide section is formed in both sides although optical 
waveguide 2 is shown in one side of semiconductor laser 1, and another side, the example of 
semiconductor laser 1 and the optical waveguide 2 of the one side is shown here. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, according to this invention, in integration of the semi- 
conductor optoelectronic device to a semi-conductor substrate top, association between semi-conductor 
optoelectronic devices is realizable with high optical coupling effectiveness. Since integration of an 
optoelectronic device is realizable especially with the semi-conductor production technique of practical 
use, it is cheap and reliable optical components can be offered. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] In association with such semiconductor laser 1 and optical 
waveguide 2, the light wave which carried out outgoing radiation into air from the slot for reflective 
end-face formation will receive the big diffraction effect, and will spread in a radial, so that the beam 
diameter to which the refractive index of the semiconductor material which constitutes each core 3 and 4 
spreads a semiconductor material since it is large compared with 3.0 or more and it of air is small For 
this reason, in the slot 5 for end-face formation, the scattered light will increase and the joint 
effectiveness from semiconductor laser 1 to waveguide 2 will fall. If spacing of a slot is set to 5 
micrometers as a semiconductor material in the case of semiconductor laser with a luminescence 
wavelength [ of an InP system ] of 1.5 micrometers, specifically, joint effectiveness will become 10% or 
less. 

[0006] This invention aims at raising the joint effectiveness of the semiconductor laser and optical 
waveguide which have a slot for end-face formation, when integrating an optoelectronic device on a 
semi-conductor substrate. 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 1 1/21/2006 



JP,06-163874,A [MEANS] 

i 1 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] In the optical device which has the semiconductor laser which has the 
slot which constitutes the end of a resonator end face on a semi-conductor substrate, and the optical 
waveguide combined with said semiconductor laser through the aforementioned slot in order to attain 
the above-mentioned purpose Invention according to claim 1 is what has the structure which reduced the 
core width of face of said semiconductor laser and optical waveguide in the shape of a taper [ near / 
said / the slot ]. Invention according to claim 2 It has the duplex core fabric which the core of said 
semiconductor laser and optical waveguide becomes from the core of the first interior, and the core of 
the second exterior. It is what is being reduced in the shape of a taper near the core width-of-face fang 
furrow of this first. Invention according to claim 3 While said semiconductor laser and the core width of 
face of optical waveguide contract in the shape of a taper near [ said ] the slot The semiconductor laser 
side edge side of this slot is what has the structure where the waveguide side edge side of nothing and 
this slot made the perpendicular incline to an optical axis to an optical axis. On a semi-conductor 
substrate further Semiconductor laser, In the optical device which consists of optical waveguide 
combined with said semiconductor laser invention according to claim 4 It connects the core width of 
face of said semiconductor laser and optical waveguide contracting in the shape of a taper by the bond 
part. In this bond part, an optical axis is received by this semiconductor laser side. A perpendicular end 
face Nothing, It is what has a slot which approaches a taper-like core as this bond part is approached by 
this optical waveguide side. And invention according to claim 5 It connects the core width of face of 
said semiconductor laser and optical waveguide contracting in the shape of a taper by the bond part, and 
is characterized by what has the slot which serves as a V character configuration in the thickness 
direction of a semi-conductor substrate by this nothing and waveguide side in a perpendicular end face 
to an optical axis in this bond part by this semiconductor laser side, respectively. 
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OPERATION 



[Function] By taking the above-mentioned configuration, in the slot for end-face formation, the diameter 
of the mode field of guided wave light will be expanded by existence of a taper-like core, the diffraction 
effect will be reduced, and high joint effectiveness of semiconductor laser and waveguide is realized. 
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EXAMPLE 



[Example] the following, drawing J - drawing_5 — referring to — an example ~ a basis — it explains to a 
****** detail. 

(Example 1) Drawing 1 is the top view (a) and sectional view (b) having shown the example of the first 
invention, the core width of face seen from the flat surface is narrowed, and the core width of face has 
the structure reduced to about [ of the half a sum of a basis ] one in the cage (the taper core 6 is called 
henceforth.) and about five slot as both core 3 of semiconductor laser 1 and core 4 of the waveguide 
section 2 go in the direction of a slot 5. 

[0010] For this reason, the diameter of the mode field is remarkably expanded by slot 5 end face, 
without the guided wave light from semiconductor laser 1 producing a propagation loss for this taper 
core 6. By expanding the diameter of the mode field, the guided wave light which carried out outgoing 
radiation to the slot 5 has the small diffraction effect under slot 5 propagation, and the diameter of the 
mode field in the end face by the side of the waveguide of a slot 5 hardly changes with the diameter of 
the mode field in front of the outgoing radiation to a slot 5. Since it is spreading gradually on the other 
hand as it separates from a slot 5 like [ the core width of face by the side of waveguide ] a 
semiconductor laser 1 side, the diameter of the mode field expanded by slot 5 end face returns to the 
magnitude again decided by magnitude of the waveguide core 4. Therefore, in about five slot, since it 
becomes association of the expanded beams, compared with the same dimension, joint effectiveness of 
conventional core width of face will improve remarkably. In addition, although what is necessary is just 
to make the core 3 of semiconductor laser 1 into the shape of a taper, joint effectiveness improved to the 
case which makes the diffraction effect small remarkably by a mode configuration being adjusted 
between waveguide 2 sides, and angular aperture being taken loosely, and, therefore, the waveguide 2 
side has also formed the taper core 6 in it in the slot 5 side. 

[001 1] In addition, although the other-end side is made [ the configuration of the resonator of laser ] into 
the usual cleavage end face for one end face in the laser side edge side of a slot 5, a slot 5 may consist of 
this examples on both sides of laser. As a result of producing the taper core from which the thickness of 
a barrier layer is actually set to 0.25 micrometers in the core width of face in a slot 3 in the InP system 
laser whose core width of face is 1.5 micrometers by 0.25 micrometers, the increment in slot spacing's 
joint loss of 5 micrometers was not able to be observed. 

[0012] (Example 2) Drawing 2 is the top view (a) and sectional view (b) having shown the example of 
the second invention, and has shown the example which adopted duplex waveguide structure over 
semiconductor laser 1, a taper connection, and the waveguide 2 whole from simple [ on manufacture ] 
by this example. That is, it consisted of the 2nd external core 7 surrounding the 1st internal core 3 and 
core 4, and these internal cores 3 and 4, and the 1st internal core 3 and 4 turned into the taper core 6 in 
about five slot, respectively, and the first core 3 and 4 has disappeared at the slot 5 edge. 
[0013] With this structure, since the refractive-index difference of the external core 7 and a clad 8 is 
very small, in semiconductor laser 1 and waveguide 2, guided wave light senses the external core 7 as a 
clad 8, and is shut up by the internal cores 3 and 4, but in a connection, in order that an internal core 
may disappear, it is shut up by the external core 7. That is, even when the core has disappeared at the tip 
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of a taper 6, guided wave structure is maintained and is maintained on both sides of the single mode 
condition fang furrow 5. 

[0014] Since the width of face and thickness of the external core 5 can be set to 10-20 micrometers, the 
diameter of the mode field of guided wave light can be made larger single or more figures than the 
diameter of the mode field of semiconductor laser 1, diffraction in a slot 5 can be made small, and joint 
effectiveness can be raised. 

[0015] (Example 3) It is the top view (a) and sectional view (b) having shown the example of the third 
invention in drawing 3 . In this example, while making the waveguide 2 side-edge side of a slot 5 incline 
a little to the shaft of the core 3 of laser 1 , the shaft of the waveguide core 4 makes it incline to the shaft 
of the laser core 3, and forms. The width of face of cores 3 and 4 is also reducing this example like the 
taper core 6 in about five slot. In this example, the rate which the light reflected in respect of the 
waveguide 2 side edge of a slot 5 recombines with the semiconductor laser core 3 can be reduced by 
leaning the waveguide side edge side of a slot 5 slightly. 

[0016] In addition, as shown in drawin g 3 , if the optical axis of the waveguide core 4 is set up 
according to the guided wave optical refraction angle by the tilt angle theta of the waveguide side edge 
side of a slot 5, it can disregard the superfluous loss by the tilt angle theta in association to the 
waveguide core 4 from the laser core 3, and can raise the joint effectiveness to a waveguide section core. 
But establishing an inclination in a waveguide end face can also reduce the recombination to the core 3 
by the reflected light, without making the optical axis of waveguide 2 incline from the reasons of 
arrangement with semiconductor laser 1 and waveguide 2. In addition, although the tilt angle theta was 
given like drawing 3 (a) seen from the flat surface in this example, a tilt angle may be given on draw ing 
3 (b) seen from a side face. Furthermore, this example is applicable also to the duplex core fabric shown 
in drawing 2 . Although the semiconductor laser section serves as complex resonator structure which 
makes a reflector the both-sides end face of a slot 5 and fluctuation of a semiconductor laser oscillation 
threshold current etc. is cause since , as for the greatest description of this example , the light which 
carried out outgoing radiation to the slot 5 is reflect in the first example also on a boundary with the 
waveguide section , it is in prevent degradation of this property by this example . 
[0017] (Example 4) The top view (a) and sectional view (b) having shown the example of the fourth 
invention in drawing_4 are shown. Both core width of face 3 and 4 is narrowed as shown in the taper 
cores 6H and 6F towards the bond part of semiconductor laser 1 and waveguide 2, and cores are 
connected by the minimum predetermined core width of face. Furthermore, in the bond part, it is a 
perpendicular end face to an optical axis in a semiconductor laser 1 side, and it has formed so that it may 
cut deeply in the thin longitudinal direction of taper core 6F by the waveguide 2 side as shown in 
drawing (concave), and the slot 5 on the mold may approach. Production of this slot 5 can be formed by 
etching by the ion etching and the chemical solution which used reactant gas. 
[001 8] In such structure, without a propagation loss increasing, the diameter of the mode field is 
expanded and the guided wave light from semiconductor laser 1 spreads taper core 6H field. About the 
optical intensity distribution which began to permeate from taper core 6H field since the diameter of the 
mode field was expanded at this time, the end face of the slitting slot 5 works as a reflector, the light 
wave by which the waveguide side interface of the slot 5 which does not become perpendicular to the 
shaft of the core 4 of waveguide 2 was emitted to the space of a slot 5 by the lens effectiveness on the 
other hand - the core 4 of waveguide 2 - it is made to join together 

[0019] In addition, by drawing 4 , in order to adjust distribution of the light which passes through a slot 
5 among the expanded diameters of the mode field, and is attained to the optical waveguide section 2 
and to raise joint effectiveness, the core width of face of taper core 6F of waveguide 4 and the core 
width of face of taper core 6H of semiconductor laser 1 have shown a different example. 
[0020] In this example, there is no slot 5 in a core layer, and it was formed in the cladding layer. 
Generally, a cladding layer consists of ingredients of homogeneity presentations, such as InP or 
InGaAsP, for a core layer in many cases, using a multiplex quantum well layer etc. in many cases. 
Therefore, the structure of this example has the advantage that what is necessary is to process only the 
cladding layer which is easy to process it. Moreover, a slot 5 infiltrates into taper core 6F, and even if 
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semiconductor laser 1 and waveguide 2 are separated by the opening, fundamental actuation of this 
invention is performed. 

[0021] (Example 5) The top view (a) and sectional view (b) of an example of the fifth invention are 
shown in drawing 5 . In this example, both the cores of semiconductor laser 1 and waveguide 2 narrow 
the core width of face mutually with the taper core 6, and are connected with the minimum width-of- 
face core 9 predetermined by the bond part. Furthermore, in the bond part, the slot 5 of the V character 
mold of a slitting mold as shown in drawing is formed in the thickness direction by the nothing and 
waveguide side in the perpendicular end face to the optical axis at the semi-conductor substrate by the 
semiconductor laser side. In such structure, like an example 4, while forming the reflector of 
semiconductor laser, association with semiconductor laser and waveguide can be raised. 
[0022] In the example described above, by preparing the high reflective film which becomes an end face 
by the side of the semiconductor laser of a slot from a metal or dielectric multilayers, the reflection 
factor of a laser cavity can be raised and the threshold current of semiconductor laser can be decreased. 
[0023] Moreover, asymmetry is sufficient as taper structure at a semiconductor laser and waveguide 
side. Furthermore, although the example of a configuration which has a taper configuration only to 
waveguide width of face in an example was shown, a taper configuration may be given to both 
waveguide width of face and thickness as long as it expands the diameter of the mode field. Moreover, 
although change of semiconductor laser and the taper-like waveguide width of face of waveguide is 
changed linearly and it is shown, function forms, such as a parabola and an exponential function, are 
sufficient. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the top view and sectional view showing the first example. 
[Drawjng2] It is the top view and sectional view showing the second example. 
[Drawing^] It is the top view and sectional view showing the third example. 
[Drawing 4] It is the top view and sectional view showing the fourth example. 
[Drawing 5] It is the top view and sectional view showing the fifth example. 

[Drawing 6] It is the top view and sectional view having shown association with the semiconductor laser 
and waveguide which consist of the conventional configuration. 
[Description of Notations] 

1 Semiconductor Laser 

2 Waveguide 

3 Core of Laser 

4 Core of Waveguide 

5 Slot 

6, 6H, 6F Taper core 

7 External Core 

8 Clad 

9 The Minimum Width-of-Face Core 
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